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Abstract 
The laser beam submerged arc hybrid welding method originates from the knowledge that, with increasing penetration depth, the 
laser beam process has a tendency to pore formation in the lower weld regions. The combination with the energy efficient 
submerged arc process improves the degassing and reduces the tendency to pore formation. The high deposition rate of the SA 
process in combination with the laser beam process offers, providing the appropriate choice of weld preparation, the possibility
of welding plates with a thickness larger than 20 mm in a single pass, and also of welding thicker plates with the double sided
single pass technique. 
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1. Introduction 
The availability of efficient and robust laser beam sources allows the laser to extend its scope of application for 
cutting tasks and welding technology. Particularly the enhancement in terms of laser beam power up to multiple 
kilowatt range in conjunction with improved beam quality expanded the possibilities in laser beam welding [1]. The 
advantages of the process like punctual heat input, high welding speeds and high penetration depths are normally 
connected with handicaps like very limited gap filling capability and thus the necessity of improved bevel 
preparation and clamping devices. To overcome these limitations, known and established processes are combined to 
create novel processes in order to combine advantages and compensate downsides of the respective welding 
processes. One of the preeminent process combinations related to laser beam welding is the laser beam gas metal arc 
welding process which found wide acceptance namely in ship building industry. Recent developments point to the 
wider range of applications of laser beam GMA hybrid welding in crane and pipeline construction. 
Especially the use of high power laser beam sources in the domain of thick plate welding promises a reduction of 
necessary filling passes due to the high penetration depths of the laser beam welding process. So usable welds with 
plate thicknesses up to 18 mm in single side single pass technique can be performed with square butt and Y-shaped 
bevel preparations with high root face heights. With increasing plate thicknesses the adoption of double sided single 
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pass technique with laser beam GMA hybrid welding and the use of suitable weld preparations is a possible way of 
decreasing the welding passes normally required by arc processes, Figure 1. 
Figure 1. Principle of LB-GMA hybrid welding with bottom closed keyhole 
2. Motivation / State of the Art 
Process related double sided single pass weld seams with the hybrid process show a tendency to pore formation 
in the lower weld regions. This behavior has been observed with both laser beam and laser beam GMA hybrid 
welding processes with a penetration depth of more than 12 mm [2]. The main reasons for the pore formation with 
laser beam processes without a keyhole that is open to the bottom of the weld are the unique weld geometry with 
high aspect ratio between weld depth and weld width in conjunction with the process related short solidification 
times. Without the possibility to degas through keyhole that is open to the bottom of the weld seam the keyhole 
dissociates metal vapor pores into the liquid weld metal at the lower end of the keyhole due to hydrostatic pressure 
that keeps the keyhole open. The typically deep and narrow weld geometry and the small liquidity interval prevent 
these pores from degassing to the top of the weld. Thus the metal vapor is enclosed in the solidifying weld metal and 
forms a more or less distinct band of pores, Figure 2. 
Figure 2. Pore formation in the deep weld region 
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The resulting porosity consists mainly of numerous small, evenly distributed pores and is, in most cases, accepted 
by the industry but, due to customer demands, commonly unwelcome.  
The initial idea of the laser beam submerged arc hybrid welding process (LB-SAW or LUPuS, from german 
Laserstrahl-UnterPulver Schweißen) originates from the abovementioned mechanism of pore formation. In order to 
increase the liquidity interval of the molten pool to improve the degassing capabilities the process combination of 
laser beam welding and submerged arc welding has been developed by the ISF Welding and Joining Institute.  
The coupling of the laser beam and submerged arc welding process in one common process zone is necessary for 
improving the degassing capability in order to effectively decrease the porosity in the deep weld regions. Since the 
weld seam behind the SAW process is covered by a layer of solidifying slag and excess flux the only possible way 
of combining a LBW process is with a leading laser beam. The close distance necessary to obtain a common process 
zone between the two welding processes has shown to be problematic because of flux falling into the area of the 
keyhole of the laser beam. This can lead to various process irregularities. Depending of the type of laser beam 
source used the flux can either absorb the laser beam power or the vaporizing constituents of the welding flux lead 
to the formation of a plasma plume. The latter is mainly a problem with the use of CO2 laser beam sources that are 
prone to formation of plasma plume even in a normal LBW process. Both phenomena would instantly lead to 
decrease of penetration depth and therefore a possible irregular weld-through. Another problem that arises from flux 
falling into the area of the laser beam keyhole is the possible embedding of flux particles in deeper weld regions. 
To ensure the process stability a separating plate between SAW and LBW process has been implemented and 
subsequently patented by the RWTH Aachen University [3]. The separating plate, positioned between flux hopper 
and laser beam, is moving with the welding head, Figure 3. 
Figure 3. Principle of laser beam submerged arc hybrid welding 
The usually shielding gas which is required for laser beam welding is directed onto the separating plate against 
the welding direction. The shielding gas ensures the protection of the keyhole area from atmospheric influence, 
suppresses the plasma plume and removes flux which is falling through the gap between work piece and plate out of 
the laser beam process zone at the same time. 
Due to the process design, some parameters which have not appeared in former hybrid techniques must be 
considered. The gap between separating plate and work piece must be small enough to ensure that only a smallest 
possible quantity of flux is falling down and it must be large enough to prevent the slag which is probably flowing 
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ahead the arc process from sticking to the plate. The slope angle of the plate is also of great importance. If the angle 
of slope is too large, the plate is possibly hit by the laser beam; if the angle is too small, the arc may burn between 
plate and filler wire. The shielding gas flow rate must be kept so small that the arc of the SA process might not be 
blown free and thus pore formation in the weld may develop. 
The process combination results in a bell-shaped weld appearance with pronounced, laser beam-dominated 
penetration depth and, with the right choice of bevel preparation and SAW parameter set, notch-free interfaces 
between weld seam and base material. At the same time, the hardness peaks in the laser-dominated region of the 
laser beam submerged arc hybrid weld are reduced, compared with the LB-GMA hybrid weld, Figure 4. Both welds 
were performed with comparable laser beam power and arc parameters, the striking hardness increase in the laser 
dominated region is due to the absence of preheating. 
Figure 4. Hardness comparison LB-GMA – LB-SAW 
The basic research with the laser beam submerged arc welding method has been carried out using a modified 
LB-GMA hybrid welding machine. The used beam generator is a Trumpf TLF20000 CO2-laser in combination with 
a MIG/MAG pulsed current weld source and a laser hybrid weld head, designed by the Welding and Joining 
Institute. The GMA welding torch has been altered to accommodate a flux hopper. With this setup the use of solid 
core weld consumable up to a diameter of 1.6 mm was possible. Actual research is done with an adapted SAW 
machine capable of deliver currents up to 1200 A and feeding solid core SA electrodes up to a diameter of 6 mm, 
Figure 5. 
Figure 5. Welding equipment for laser beam submerged arc hybrid welding 
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3. Exemplary Welding Results 
The target on the initial welding trials is to prove the concept of improved porosity behavior with increasing 
penetration depths using the double sided, single pass technique. The secondary target is to achieve otherwise 
flawless weld seams while increasing plate and face height thicknesses. 
3.1. Results using altered GMA welding equipment 
First trials were realized using a commercially available GMA welding machine with altered torch assembly to 
accommodate a custom build flux hopper. The base material is a X65 (L460MB) steel with a plate thickness of 
38 mm. A double Y bevel preparation with a root face height of 14 mm and an opening angle of 60° was machined. 
The welding trial was done with a zero gap. A combination of S3 wire with a diameter of 1.6 mm and OP 122 basic 
flux was used for the SAW process part. The welding speed chosen was 1 m/min with a wire feeding rate of 
9 m/min. Energy input was about 9.6 kW (SAW) and 20 kW (LB). Due to the limitations of the GMA welding 
equipment used the bevel preparation was not be filled complete. A filling height of about 20 mm has been reached 
with a typically smooth transition from weld seam to bevel preparation. The cross-section shows a low porosity, 
Figure 6. 
Figure 6. Weld seam and cross section of a double sided, single pass LB-SAW process, GMA equipment 
The cross-section shows a distinct overlap in the laser beam dominated weld seam area which suggests a possible 
increase in root face height without risking a proper weld-through. For assessing the improvement of the degassing 
abilities of the laser beam SAW process a comparable welding trial was carried out using the common laser beam 
GMA hybrid welding process. The direct comparison of longitudinal section of both welds show a drastically 
reduced porosity with coarse grain in the SAW dominated weld areas, Figure 7. 
Figure 7. Comparison of porosity behavior 
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The microstructure of the LB dominated weld seam area shows a fine type of grain compared to the SAW 
dominated areas. 
3.2. Results with submerged arc welding equipment 
All double sided, single pass welds with rebuilt LB-SAW setup were conducted on X65 (L460MB) steel with a 
plate thickness of 35 mm. The root face height of the double Y bevel preparation was increased to 25 mm. The 
opening angle was increased to 70°. A combination of S3 (3 mm) wire and OP 122 basic flux was used. The wire 
feeding rate was adjusted to 2.7 m/min while the welding speed remained at 1 m/min. Energy input from the SAW 
process part was increased to an average 24 kW with a laser beam power of 20 kW. 
3.2.1. Plate thickness 35 mm, machined bevel preparation, zero gap 
Initial welding trials on 35 mm plate thickness were done on machined bevel preparations with zero gap. With 
the above mentioned parameters the cross- and longitudinal sections show good welded joints with smooth 
transitions from weld metal to the work piece surfaces in double sided, single pass configuration. The increased 
influence of the submerged arc process results in a very low porosity, Figure 8. 
Figure 8. Cross- and longitudinal section of a double sided, single pass LB-SAW, machined bevel, zero gap 
Several specimen were reproduced with these parameter set and welding trials with different preheating 
temperatures were conducted.  
3.2.2. Plate thickness 35 mm, plasma cut bevel preparation, 0.5 mm gap 
Following the good results with machined bevel preparations and zero gap trials with plasma cut bevel 
preparation were conducted. The cut surfaces were cleaned by grinding and showed variations in gap width from 
0.2 mm to 0.5 mm. The remaining process parameters were kept constant. The cross- and longitudinal sections show 
a flatter weld seam with an also low porosity, Figure 9. 
Figure 9. Cross- and longitudinal section of a double sided, single pass LB-SAW, plasma cut bevel, 0.5 mm gap 
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3.3. Hardness measurements  
Hardness measurements were conducted on double sided, single pass laser beam submerged arc welded plates as 
mentioned in 3.2.1. Welding trials with preheating temperatures of 100°C and 140°C were performed. After the 
welding of the first side the plate was turned and the second side was welded when the respective preheating 
temperature was reached again. Hardness measurements were done on cross sections with one line in the SAW 
dominated area and one line in the LB dominated area. At 100°C preheating temperature the hardness increase 
especially in laser beam dominated is visible while with the higher preheating temperature the hardness level are 
clearly lower, Figure 10. 
Figure 10. Hardness measurements with different preheating temperatures 
3.4. Tensile test 
For tensile testing samples were welded on X65 (L460MB) with the parameter set mentioned in 3.2.1 and a 
preheating temperature of 140°C. Test specimens were taken from the LB dominated and the SAW dominated area 
of the weld seams. The results reach the average values of the base material, thus all specimens failed outside the 
weld seam or heat affected zone, Figure 11(a). 
Figure 11. (a) exemplary results of tensile tests, (b) example of tensile test specimens 
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Even with the remaining low porosity in the actual state of the development the laser beam submerged arc hybrid 
welded connections doesn’t represent a weakening in comparison to the base material, Figure 11(b). 
3.5. Charpy impact test 
The specimen for the charpy impact testing were also prepared from the LB dominated and the SAW dominated 
areas of double sided, single pass welds on X65 (L460MB) steel with a thickness of 35 mm and a preheating 
temperature of 140°C. The charpy impact tests were conducted at a controlled sample temperature of -20°C. 
The test specimen from the LB dominated area show very good results with an average impact energy over 200 J 
despite the slight hardness increase. The specimen from the SAW dominated weld areas show a considerable lower 
average impact energy value of about 95 J with a wider variance. This behavior concurs with the coarse grain 
microstructure preeminent in this area, Figure 12.  
Figure 12. Charpy impact test results 
4. Summary and Prospects 
The laser beam submerged arc hybrid welding process offers the ability to weld plates with a thickness of more 
than 20 mm in PA position with an improved welding speed compared to SAW. Up to now plate thicknesses of 
35 mm have been welded in double sided single pass technique with a substantial lowered porosity. So far the 
assessment of the mechanical properties of the welds shows very promising results. Further research will investigate 
the prospects of optimized combinations of wire and flux and the ability of the hybrid welding process to transport 
the alloying elements into the deeper, laser beam dominated weld seam regions. 
The laser beam source used so far is a 20 kW CO2 gas laser with a beam quality of K=0.4. The application of 
modern beam sources with a good beam quality and high output power offers a substantial potential of increasing 
the welding speed and / or the achievable penetration depth. Especially the use of fiber or disk lasers with their low 
susceptibility to plasma plume formation helps to improve the process reliability. The CO2 laser shows a significant 
sensitivity in regard to flux or slag induced plasma plumes and hence loss in penetration depth. First trials with a 
12 kW fiber laser showed very little influence of dense flux layers up to 5 mm thickness on the achievable 
penetration depth. Another advantage of the solid state lasers is the possibility to substitute the expensive helium as 
shielding with cheaper gases or gas mixes.  
During an ongoing research project it is planned to optimize the LB-SAW setup in order to facilitate the process 
setup and increase the reproducibility. With the evolved setup further welding trials with solid state lasers will be 
performed. Furthermore it is planned to layout a basic process model of the LB-SAW process to render a base for 
numerical simulations of the hybrid process. 
Uwe Reisgen et al. / Physics Procedia 12 (2011) 179–187 187
Acknowledgements 
The authors gratefully acknowledge the financial support of the Deutsche Forschungsgemeinschaft (DFG) within 
the research project “Anwendbarkeit und Modellbildung des Laser-Unterpulver Hybridverfahrens (LUPuS)”. 
References 
[1]   Dilthey, U., Reisgen, U., Woeste, K.: Neueste Entwicklungen beim Strahlschweissen, Schweißtechnik und Fügetechnik - 
Schlüsseltechnologien der Zukunft. ASTK '07, 10. Internationales Aachener Schweißtechnik-Kolloquium, Eurogress, Aachen, 24. - 25. 10. 
2007, ISBN 978-3-8322-6644-8, Shaker Verlag, Aachen 
[2]   Dilthey, U., Olschok, S.: Untersuchungen zur Nutzung der Synergieeffekte beim Hochleistungs-Laser Hybridschweißen von dickwandigen 
Rohrkörpern aus C-Mn-Stählen, Abschlussbericht des AiF-Forschungsvorhabens 13.407N, Aachen, 2004 
[3]   RWTH Aachen: Deutsche Patentanmeldung Nr. 20 2005 024 457.2 „Verfahren und Vorrichtung zum Schweißen von Werkstücken“, 2005
